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It h a s  been e s t a b l i s h e d  f r o m  p r e v i o u s  exper iments  by 

t h i s  i n v e s t i g a t o r  and o t h e r s  t h a t  wa te r  i s  one of  t h e  most 

i m p o r t a n t  modera to r  i n  the rma l  i n a c t i v a t i o n  by dry hea t .  

Two approaches a r e  being employed t o  a s c e r t a i n  t h e  e x t e n t  t o  

which water media tes  i n  the  k i n e t i c s  of i n a c t i v a t i o n  by 

e q u i l i b r a t i o n .  One approach i s  t o  c o n d i t i o n  t h e  s p o r e  crop 

a t  v a r i o u s  wa te r  a c t i v i t i e s  p r i G r  t o  t h e  exposure t o  s t a n d a r d  

c o n d i t i o n s  i n  t h e  expe r imen ta l  h e a t i n g  chamber. The second 

approach  is t o  expose p r e c o n d i t i c n e d  s p o r e s  t o  h e a t e d  atniospheres 

c o n t a i n i n g  v a r i o u s  mois ture  levels a t  s p e c i f i c  a i r  v e l c c ?  t i e s .  

I n  t h i s  manner i t  i s  a n t i c i p a t e d  t h a t  a n  a n a l y s i s  of t h e  

k i n e t i c s  o f  i n a c t i v a t i o n  will impart  an insight i n t o  mechanisms 

involving the  r o l e  o f  wa te r  i n  i n a c t i v a t i o n .  One f a c t o r  which 

should . s t r o n g l y  i n f l u e n c e  expe r imen ta l  r e s u l t s  is t h e  n a t u r e  

of t h e  suppor t  material and I t s  a b i l i t y  t o  a l t e r  t he  i n f l u e n c e  

of w a t e r  i n  thernial  i n a c t i v a t i o n .  Four suppor>t rnhterlals o f  

d i f f e r e n t  p o r o s i t y  and s u r f a c e  c h a r a c t e r i s t i c s  have been 

i n v e s t i g a t e d  t o  d a t a .  These i n c l u d e  membame f i l t e r s ,  glass 

f i b e r  f i l t e r s ,  g lass  cove r  s l l p s  and s t a i n l e s s  s t e e l .  P .ddi t€or .a l  

f a c t o r s  which might be of importance i n  i n v e s t i g a t i n g  t h e  

i n f l u e n c e  o f  water i n  t h o r n a l  i n a c t i v a t i o n  a r e  t h e  p u r i t y  of 

t h e  spore p r e p a r a t i o n  and t h e  p h y s i o l o g i c a l  s t a t e  of  t he  spore.  

T o  d a t e  t h e  p r e s e n s e  of the  no rna l  q u a n t i t y  of c e l l u l a r  d e b r i s  



, 

i n  t h e  spo re  crop has not been found t o  be a m a j o r  f a c t o r  i n  

spore  r e s i s t l v i t g  but  t h e  p h y s i o l o g i c a l  s t a t e  of t h e  spore  

c r o p  has been found t o  be of cons ide rab le  imgortance.  C e r t a i n  

spore  c r o p s  have been found  t o  p o s s e s s  g p e s t e r  r e s i s t i v i t y .  

O f  more importance h a s  been a p e r i o d i c  loss of r e s i s t i v i t y  

du r ing  prolonged r e f r i g e r a t e d  s t o r a g e  i n  water w i t h o u t  any 

apparent  reason.  

T o  d a t e  complete i n a c t i v a t i o n  cu rves  f o r  B a c i l l u s  s u b t i l i s  

v a r .  n l g e r  have teen d e r i v e d  for .  membrane f i l t e r s  an6 f i b a r  

glass  f i l t e r s .  P r e s e n t  e f f o r t s  have been devoted t o  g l a s s  
- 

cove r  s l i p s .  We a r e  now i n  t h e  p r o c e s s  o f  d e r i v i n g  D sqd 2 

vsrluea for dry heat ,  u.nder s t a t i c  c o n d i t i o n s  and th? ability 

of  a i r  v e l o c i t y ,  mois ture  and i n e r t  g a s e s  t o  a l t e r  t h e s e  v a l u e s .  

A d e s c r i p t i o n  o f  t h e  oven and t h e  methods foi .  e s t a b l i s h i n g  

e q u i l i b r i u m  between t h e  spo res  and. t h e  suppor t  ma te r i a l  has 

been p r e s e n t e d  i n  p r a v i o u s  r e p o r t s .  The  p r e s e n t  spore crop 

was grotin i n  a 15 l i t e r  f e rmen te r  w i t h  c o n s t a n t  a e r a t i o n  and 

t h e  s p o r e s  s e p a r a t e d  f r o m  v e g e t a t i v e  debris by t h e  method of 

Sacks + Alder ton  (1961, J. B a c t e r i o l .  82, 331).  C e r t a i n  por-  

tions of  t h e  spore  c r o p  were f r e e z e - d r i e d  i n  flasks o r  on 

cove r  s l i p s  and a l i q u o t s  were a l s o  e q u i l i b r a t e d  i n  pnosp'nate 

b u f f e r  (213 7.0) o r  i n  C a C 1 2  (p  TI 7.0) f o r  one week, wau'nsd and 

resuspended i n  glass d i s t i l l e d  water. 

- 
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For the hea t  i n a c t i v a t i o n  study on stainless s t e o l  t h e  

method o f  Subcommittee I on Spacecr.aft; S t e r i l i z a t i o n  wa3 

fo l l -owed w i t h  t h e  following e x c e p t l o n ,  T%?e isernoval o f  the  

spores from t h e  stainless s t e e l  suppor t  was accom$lished by 

exposing the s t r i p  t o  a B m n s o n  125 watt u l t r o s o n i c a t o r  a t  a 

setting of 6 for two minutes, 

and the t empera ture  dui-ing s o n i c a t i o n  was malntaincd a t  

O-s°C,  

facing t h e  probe d u r i n g  sonication, 

The probe had a 1/8 inch  t i p  

Care was t a k e n  t o  a l w q s  h a w  t h e  i n o c u l a t 3 d  s u r f a c e  

To remove spores f r o m  t h o  glass cove r  s l l d c s  eft’:>=. 

b l e n d e r f z i n g  f o r  t w o  minutes o r  c r u s h i n g  f o l l o w e d  by 

v o r t c x i n g  was eKgloyecI, Recovoz~y w 3  essentially eqnal  f OP 

these two methods on c o n t r o l  ( u n h e a t e d )  sarnplas and on t l ea ted  

samples, 

RESTJLTS -.-- 

As seen  €n Fig3re I. the resistivity OC Pscfllus s u b t t l i s  - 
v a r .  n € E  on glass cove:’ s l i p s  h e a f s d  n t  12s” u n d e r  s t a t i c  - 
c o n d i t i o n s  was less t h a n  spor.39 h e a t e d  on g l . s s  f€ber.filters. 

I n  b o t h  casss  t h e  spors3 were e q u i l i b r a t e d  O V O P  s i l i c a  g e l  

(assumed to be a t  05 32). The D v a l u e  Is appPOXlITI2tBly 3 3  

mlnutes for glass fiber f i l t e r s  and 1s minutes  for g las s  c ~ v e . ~  

s l i p s .  - 



, The in f luer ,ce  of water a c t i v i t y  on therm.1 r e s i s t i v i t y  

is i l l u s t r a t e d  i n  Figure 2. One of  t h e  spore c rops  i n  F i g w e  

2 p o s s e s s e d  a h i g h e r  r e s i s t i v i t y  a t  12s°C whereas t h e  o t h e r  

had, t o  b. c o n s i d e r a b l e  e x t e n t ,  l o s t  i t s  i n t r i n s i c  r e s i s t i v l t y .  

It i s  seen t h a t  in both cases min-irml r e s i s t i v i t y  occurs i n  

t h e  range  of 0-15% RH and maximal r e s i s t i v i t y  a t  80% RII. It 

shou ld  be noted  t h a t  t h e  RH cons lde red  here refers t o  t h e  RR 

of the spores prior t o  e x p o s u ~ e  t o  12soC i n  the oven and not 

t h a t  RR which e x i s t s  in t h e  oven d u r i n g  hea t fng .  F rom t h e  

values derived from Figure 2 i n c r e a s l n g  the  e q u i l i b r i u m  RFI 

t o  80% i n c r e a s e s  t h e  D value for t h e  resistent si,ore cror t o  

appxwximatelg 72 minutes.  

T h a t  an optimum for s u r v i v a l  e x i s t s  a t  approximately 

80% RH may n o t  be t o o  s u y p r i s i n g .  

on t h e  e f f e c t  of  RH on t h e  s u r v i v a l  of s p o r e s  exposc?d t o  hea t  

As seen  be1 .o~  f o r  experimants 

i t  i s  conce ivab le  t h a t  t h e  observed p r o t e c t i o n  e f f e c t  of w a k e r  

may be a n e t  r e s u l t  and t h a t  under  c e r t a i n  c o n d i t i o n s  wa te r  

may be detrimental t o  s u r v i v a l .  

Spores  on glass cove r  s l i p s  were also e q u i l i b r a t e d  a t  

e i t h e r  0% RH o r  33$ R 9  and, after h e a t i n g ,  r e e q u i l i b r n t e d  a t  

various RHls (Figure 3) the  e f f e c t  of R3 i s  not  as d rama t i c  

in t h i s  i n s t a n c e  a3 for spores t r e a t e d  i n  F igure  2. 



Spores e q u r l i b r a t e d  a t  0% RH showod a decreased su1"vzIval i f  re- 

e q u l l i b y a t e d  a f t e r  h e a t i n g  a t  33% R?I. In cont:>ast t o  this 

maxlmal recove2y was noted  f o r  9;jo;'es whic;l had been e q u i l i -  

breted a t  33% RH pl?iop t o  h e a t i n g  and t h e n  Eat 33% R B  after 

heating. These r e s u l t s  a r e  no t  easy t o  i n t e r p r z t  bu5 i n  

any even t  t h i s  data does  show t h a t  t h e  recovery  procedure  

normally employed i n  these  experLments d o c s  no t  produce any 

s i g n i f i c a n t  a r t i f a c t .  I n  t h i s  case, h i g h  moisture l e v e l s  

does n o t  appsar t o  d r a s t i c a l l y  reduce recoveIpJ. 

experiments  are needed, t h o u g h ,  t o  more  thoroughly  v e r i f y  

A d d i t i o n a l  

t h i s  p o i n t .  

I n  f u r t h e r  a t t e m p t s  t a  altez. Tesistivity t o  d r y  h e a t ,  

t i e  sporg  suspens ion  was f r e e z e - d r i e d  prior t o  placement on 

zover slips, a f t e r  replacement on cove r  s l i p s  and e q u l l i b ? a t c d  

f o r  one week in phosphate  b u f f e r  o r  i n  calcium c h l o r i d e .  

Freeze-dry ing  had n3 appreciable e f f e c t  in r e s i s t i v i t y  i n  

t h e s e  exper iments  i f  f r e e z e - d r i e d  a f t e r  i n o c u l a t e d  m t a  cove r  

s l i p s  p r i o r  t o  h e a t i n g .  If f r e e z e - d r i e d  I n  b u l k ,  r a h y d m t c d  

and t hen  d r i e d  on cDver s l i p s  p r - i o r  t o  heating, t'?e r e s i s t i v i t y  

was a p p r e c i a b l y  lowered. Equilibra:ion i n  phosphate  d i d  no t  

seem t o  lower r e s i s 3 f v i t y  whepeas calcium lowered t h e r m 1  

r e s i s t i v i t y .  In t h e  experiments  involving e i t h e r  p5osShnte 



o r  ca lc lum t h e  s p o r s s  were washed p r i o r  t o  drying on t h e  

suppor t  mateTi8.1 and t h e n  e q u i l i b r a t e d  over  s i l i c a  gel. 

Future  exper iments  will i n v o l v e  soaking s p o r e s  I n  DPA, 

The D value  ob ta ined  a t  125% on s t a i n l e s s  s t e e l  s t r ips  

equ i l ib ra t ed  at  0% REI was 15.5 minutes ( F i g u r e  4) , 

It i s  t h e r e f o r e  apparent  t h a t  in addition t o  water t h e  

support; material  e x e r t s  a r e a l  and f i n i t e  i n f l u e n c e  upon t h e  

s u r v i v a l  of  s p o r e s  of E a c i l l u s  su .S t i l i s  v a r ,  n i g e r .  T h i s  i s  

shown i n  T a b l e  1. Those  m a t e r t a l s  wh ic5  are more  psrous  and 

which p r e s e n t  more s u r f a c e  a m a  and s u r f a c e  f o r e 2 3  w i l l  PPG- 

long s u w i v a l .  

-.cI---p___ -a- 

Examinat ion o f  t he  va r ious  C U i Z V e S  presen?xd i n  t h i s  report;  

i n d i c a t e s  t h a t  one c h a r a c t e r i s t i c  of t h e  h s a t i n g  c!imber i s  

t o  impart; a s h o u l d e r  t o  the  i n a c t i v a t i o n  curve a t  12s°C, This 

Was t r u e  f o r  h e a t i n g  e i t h e r ’ 1 . n  s t a t i c  o r  f l o w l n g  a i r ,  It i s  

d L f f i c u l t  t o  e x p l a i n  t h i s  f a c t  unless one wishes t o  a s s ~ x e  

e l t h e r  an a r t i f a c t  d u s  t o  t he  initial r e t e n t i o n  of  small. q u a n t i t i e s  

of  w a t e r  w i t h i n  t h a  chainber (a  p r o t e c t i v e  e f f e c t )  o r  a f i n i t e  

requirem5nt  f o r  mass t r a n s f e r  t o  t he  s p o r e s  w i t h  t ime. 

One f a c t o r  which is ncft in a p o e n e n t  w i t h  c e r t a i n  o t h e r  

i n v e s t i g a t o r s  i s  t h e  f ac t  t h a t  f r a a z e - d r y i n g  i n o c q l a t e d  s p o r e s  

on c o w r  s l i p s  9 ~ Z o - r .  t o  h e a t i n g  d i d  not  a l t e r  r e s i s t i v i t y  nor 

was t he re  a change i n  t h e  I n a c t i v a t i o n  curve i n d i c a t i n g  t’?,e 



e s t a b l i s h m a n t  of  a mora r e s l a t a n t  spDrc p o p u l a t i o n .  

s u b s t a n t i a t i o n  o f  t h i s   ill r e q u l r e  e d d l t i o n a l  expe r imen ta t ion .  

The 

The response  of t h e  d i f f e r a n t  s p o r e  crops i n  Figure 2 

The less  heat r e s i s t a n t  spore crop had  a was of  i n t e r e s t .  

h i g h e r  response t o  RH t han  t h e  m o m  r e s i s t a n t  spore  c r o p .  

T h i s  is e v i d e n t  when one conipares the  survival f r a z t i o n  a t  

0% RH and  80$ R 9 .  

heat i n a c t i v a t i o n  wa te r  may mediate i n  stabilizing c e r t a i n  

c e l l u l a r  c o n s i t u e n t s  necessa ry  for r e s i s t i v i t y  whlcfi w o u l d  

be mort? apparent  w i t h  spo res  which have l o s t  s m e  of  t h e i r  

It is  conce ivable  t h a t  as r e g a r d s . d r y  

i n t r l n s i c  r e s i s t i v i t y  due t o  a l o s s  of c e l l u l a r  c o n s t i t u e n t s  

o r  t o  m o d i f i c a t i o n  of  i n t e r m o l e c u l a r  spacial r o l a t I o n s L l i p s .  

. 



Table 1, The D g a l u e s  of Baci.1lu.s s u b t i l i s  var, _niser 
at 125 C o n  v a r i E p T o r t  materials, T h e  
e q u i l i b m i m  r e l a t i v e  h u m i d i  tg was established 
by s i l i c a  gel (O$ RH) 

D Value (minutes )  

G l a s s  F i b e r  F i l t e r s  
Glass Cover  S l i p s  
S t s i n l e s s  S t e e l  
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